Circadian clock and Smad2/3/4-mediated Nodal signaling regulate multiple physiological and pathological processes. However, it remains unknown whether Clock directly crosstalks with Nodal signaling and how this would regulate embryonic development. Here we show that Clock1a coordinated mesoderm development and primitive hematopoiesis in zebrafish embryos by directly up-regulating Nodal-Smad3 signaling. We found that Clock1a is expressed both maternally and zygotically throughout early zebrafish development. We also noted that Clock1a alterations produce embryonic defects with shortened body length, lack of the ventral tail fin, or partial defect of the eyes. Clock1a regulates the expression of the mesodermal markers ntl, gsc, and eve1 and of the hematopoietic markers scl, lmo2, and fli1a. Biochemical analyses revealed that Clock1a stimulates Nodal signaling by increasing expression of Smad2/3/4. Mechanistically, Clock1a activates the smad3a promoter via its E-box1 element (CAGATG). Taken together, these findings provide mechanistic insight into the role of Clock1a in the regulation of mesoderm development and primitive hematopoiesis via modulation of Nodal-Smad3 signaling and indicate that Smad3a is directly controlled by the circadian clock in zebrafish.
Virtually all organisms from cyanobacteria to mammals possess the circadian clock that allows them to adapt to environmental changes (1, 2) . The circadian clock consists of input, oscillator, and output systems. The oscillator is the pacemaker that generates the circadian rhythm, and the output comprises the clock-controlled genes that function downstream to control rhythms in biochemistry, physiology, and behavior (3, 4) . Circadian rhythms in every organism are cell-autonomous, appear to have arisen only a few times in evolution, and can be driven by one of a few lineage-specific but otherwise highly conserved central oscillators (2, 5) . On the molecular level, the circadian clock exerts its regulatory role through a highly conserved transcriptional/translational feedback loop (6, 7) . In brief, the bHLH-PAS transcriptional factors CLOCK/BMAL1 form as a heterodimer to activate transcription of target genes by binding to the cis-element E-box on their promoter regions (8, 9) . Two groups of resultant proteins Periods and Cryptochromes gradually accumulate and inhibit the activity of CLOCK/BMAL1 complex, constituting the negative feedback loop (10) . E-box sites are defined as mainly 6-bp DNA elements recognized by bHLH transcription factors and are distinguished by having a consensus sequence of CANNTG (11) . They facilitate the transcription of various genes involved in cell growth, differentiation, and survival as well as circadian rhythms (12) (13) (14) .
One key challenge for the field of chronobiology is to identify how circadian clock function emerges during early embryonic development. Zebrafish are ideal models for studying circadian clock ontogeny as the entire process of development occurs ex vivo in an optically transparent chorion. Among the advantages of the zebrafish model for experimental manipulation are its small size and ease of maintenance in large numbers, its short generation time, and high fecundity. Furthermore, the zebrafish model offers a plethora of molecular-genetic techniques and bioinformatics tools, including methods for transgenesis, mutagenesis, gene knockdown, and targeted genome modifications, together with advanced genomic annotation (15, 16) .
During zebrafish early embryonic development, the formation and differentiation of the three germ layers require complex signal transduction networks and interaction between multiple regulators (17) (18) (19) . To date, a great deal of research has been done on the molecular mechanisms of triploblastic induction and differentiation, especially for the mesendoderm development (20) . Members of the Nodal family of TGF-␤ signals play essential roles in patterning the early embryo during the induction of mesendoderm (17, (21) (22) (23) (24) . The absence of Nodal signaling in cyc/sqt double mutants or maternal-zygotic oep mutants results in embryos that lack all endoderm and mesoderm, with the exception of a few somites in the tail (25, 26) . Nodal signaling was believed to transduce the signal through the receptor-activated transcription factors Smad2 and Smad3 (27) . Smad2 or Smad3 mutants are not available in zebrafish, but expression of dominant-negative Smad2/3-abrogated Smad2/3 activities in wild-type embryos caused various mesendodermal defects similar to those in nodal-deficient embryos (28) . Smad2 ϩ/Ϫ /Smad3 ϩ/Ϫ compound mutant zebrafish embryos entirely lacked mesoderm and failed to gastrulate (29) . Once the three germ layers are defined by Nodal signaling, mesoderm is specified into either dorsal fate or ventral fate; starting early during the segmentation period, ventral mesoderm is further specified into hematopoietic system (30) . Much of the function of Smads signaling in hematopoiesis has remained nebulous due to early embryonic lethality of most knock-out mouse models (31, 32) .
In this study we used developing zebrafish embryos to demonstrate the important role of Clock1a that associated with Nodal signaling in controlling embryogenesis. Our results showed that Clock1a up-regulated the activity of Nodal signaling dependent on smad3a by activating the smad3a promoter via its E-box1 and subsequently promoted mesoderm induction and primitive hematopoiesis during early zebrafish embryogenesis.
Results

Embryonic expression profile of Clock1a in zebrafish
The zebrafish genome contains three clock genes, clock1a, clock1b, and clock2 (33), the following research was focused on Clock1a. To study the function of Clock1a, we investigated the spatiotemporal expression pattern of clock1a mRNA during zebrafish embryogenesis using whole-mount in situ hybridization from 1-cell stage to 72 h post-fertilization (hpf) 2 using digoxigenin-labeled antisense RNA probe. Results indicated that clock1a was maternally and zygotically expressed, and its transcripts were ubiquitously distributed in the whole blastoderm and gastrulation. When segmentation starts, the expression of clock1a increased in the head region (Fig. 1A) . Wholemount immunofluorescence further confirmed the ubiquitous expression of Clock1a during zebrafish early embryo development (Fig. 1B) .
Alterations in Clock1a levels induced embryonic defects
To explore the functions of Clock1a, we first determined the effect of Clock1a depletion in zebrafish embryos. One morpholino (MO) for Clock1a mRNA was designed to target the sequence in the corresponding ATG region. The effectiveness of this morpholino was confirmed by its ability to block the expression of Clock1a-GFP fusion protein ( Fig. 2A) . Meanwhile the validity of clock1a overexpression was verified by Western blotting analysis (Fig. 2B ). Embryos injected with 1 ng of clock1a-MO at the 1-cell stage showed shortened body length and lack of the ventral tail fin both at 24 hpf and 72 hpf. Notably, at 72 hpf few of these embryos exhibited pericardial edema. Embryos injected with 150 pg of clock1a-mRNA caused partial defects of the eyes. In coinjection of clock1a-mRNA with clock1a-MO, the phenotype caused by clock1a-MO was largely eliminated (Fig. 2C) , which certifies clock1a-MO functions in specification. Western blotting experiments showed Clock1a levels of the injected embryos at shield stage changed as expected (Fig. 2D) . Taken together, these results suggested that Clock1a is essential for zebrafish embryonic development. Given the phenotypes of the embryos with alterative Clock1a levels, we speculated that Clock1a was required for normal development of the mesoderm and participated in the control of Nodal signaling.
Clock1a affected mesoderm patterning in early zebrafish embryos
To investigate the possible Clock1a function during mesoderm development in zebrafish embryos, we scored expression of several mesoderm markers by whole-mount in situ hybridization and found their expression was abnormal in the gastrula (Fig. 3A) , even expanded to the six-somite stage (Fig. 3B) . Clock1a morphants showed obvious reduction of the axial mesoderm marker genes ntl and gsc and ventral mesodermal marker eve1, whereas exhibited marked expansion in Clock1a overexpression embryos. It is generally known that zebrafish embryos develop three germ layers of ectoderm, mesoderm, and endoderm during the gastrula period, and primitive hematopoiesis originates from the mesoderm. Although the first circulating blood cells are visible at 24 hpf during zebrafish devel- Clock1a affects embryogenesis by regulating Nodal signaling opment, the processes of hematopoietic stem cell generation are already under way from 5 hpf, when gastrulation takes place (30) . It is worth exploring the functions of Clock1a in initial primitive hematopoiesis.
Zebrafish Clock1a is involved in primitive hematopoiesis
The phenotype caused by Clock1a knockdown was similar to the embryos lack of Znf45l, which was described by Chen et al. (34) as a critical factor for hematopoiesis. To understand the effect of Clock1a in primitive hematopoiesis, the expression of hematopoietic cell markers scl, lmo2, and fli1a were investigated at the six-somite stage. The expression levels of these hematopoietic marker genes were reduced in embryos injected with clock1a-MO but enhanced in embryos injected with clock1a-mRNA (Fig. 3C) . Then, O-dianisidine staining of embryos at 36 hpf revealed reduction of red blood cells in Clock1a-knockdown embryos but increased in red blood cells in Clock1a-overexpression embryos (Fig. 3D ). Taken together, these results established Clock1a as an indispensable factor for primitive hematopoiesis.
Clock1a played a positive role in Nodal signal transduction
Nodal signaling is important in mesoderm induction. Therefore, we asked whether Clock1a was involved in Nodal signals and mediated their activities. We analyzed Nodal signaling factor cyc and lefty1 expression in the zebrafish embryos in which activities of the Clock1a were altered transiently. Injection with clock1a-MO weakened cyc and lefty1 expression, whereas clock1a-mRNA enhanced these factors (Fig. 4A) .
Subsequently, we looked into functional interaction between Clock1a and Nodal signaling in zebrafish embryos. Co-injection with zebrafish sqt-mRNA and clock1a-cMO led to expanded expression of gsc at the shield stage. When the same amount of sqt-mRNA and clock1a-MO was co-injected, the percentage of expanded gsc decreased. However co-injection with sqt-mRNA and clock1a-mRNA caused the percentage of embryos with expanded gsc expression increased. A similar case occurred when we examined the hematopoietic marker lmo2 (Fig. 4B ). These results suggested that Clock1a cooperates with the Nodal pathway during the early development of zebrafish embryos.
To clarify the role of Clock1a in Nodal signaling, we examined whether the relative proteins of Nodal signaling could be regulated by Clock1a. We injected zebrafish embryo with clock1a-MO, clock1a-cMO, or clock1a-mRNA at 1 cell and collected the corresponding proteins at shield stage. Western blotting analysis showed that the loss of Clock1a reduced phosphorylation of Smad2/3 and the amounts of Smad2/3/4 total protein level; however, overexpression of Clock1a promoted phosphorylation of Smad2/3 and the expression of Smad2/3/4. We also detected T␤R I and T␤R II levels to confirm whether Clock1a attenuated TGF-␤ signaling at TGF-␤ receptor protein level. Results revealed that the expression of T␤R I and T␤R II 
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was not notably altered (Fig. 4C) . Therefore, we asked whether the change of Smad2/3/4 expression at the protein level was caused by the change at mRNA level. A quantitative real-time PCR analysis was performed and showed that knockdown of Clock1a decreased the level of smad2/3/4 mRNA in zebrafish embryos at shield stage, 6-somite stage, and 24 hpf, whereas smad2/3/4 mRNA was increased by Clock1a overexpression (Fig. 4D) . It was noteworthy that changes in expression of smad2/3/4 mRNA expanded gradually from shield stage to 24 hpf, and we thought there was an interference effect in smad2/ 3/4 maternal expression. Taken together, these results suggested that Clock1a participates in the Nodal signaling by promoting the smad2/3/4 mRNA expression during the early development of zebrafish embryos.
Clock1a targeted the smad3a promoter for transcription
It has been shown Clock and Bmal1 can heterodimerize and bind to the E-box sequences of clock-mediated genes to activate the transcription. Thus, Clock and Bmal1 are believed as the most important components of the circadian oscillator (35) . If Smad2/3/4 are direct targets of Clock/Bmal1, they may show circadian expression in zebrafish. To validate the hypothesis, we measured the endogenous levels of smad2/3/4 mRNA in zebrafish using a quantitative real-time PCR method. It was reported that during the first 3 days of zebrafish development, clock1 and bmal1 transcription is not rhythmic, in contrast to later stages (36) . So we chose the normal zebrafish embryos under normal light-dark (LD) exposure 3 days after birth as the experimental materials. Results showed that Smad3a is rhythmically expressed under normal LD exposure, whereas the circadian rhythms of Smad2/4 were not obvious (Fig. 5A) .
To study if Clock1a targets the smad3a promoter, we analyzed the promoter regions of the smad3a gene in zebrafish. We identified one confirmed E-box region that potentially associated with the Clock1a/Bmal1a transcription complex (Fig. 5,  B-G) . In addition, multiple unconfirmed Clock1a-binding E-boxes existed in the promoter region of the zebrafish smad3a gene. To study if E-boxes in the zebrafish smad3a promoter were involved in Clock1a-regulated smad3a expression, a series of E-box-included fragments and E-box-deleted mutants of the smad3a promoter was generated. Promoter-reporter system assays showed that Clock1a/Bmal1a increased the smad3a promoter activity in 293T cells (Fig. 5B) and knockdown of clock1a decreased the smad3a promoter activity, but overexpression of clock1a increased the smad3a promoter activity in zebrafish embryos (Fig. 5D) . Meanwhile, deletion of E-box 1 virtually completely abolished the smad3a promoter activity in 293T cells (Fig. 5C ) and in zebrafish embryos (Fig. 5E) . We next performed a chromatin immunoprecipitation assay in which an anti-Clock1a antibody was used to precipitate Clock1a protein of the zebrafish embryos. The cross-linked DNA-protein complexes were then disassociated and PCR-amplified using several pairs of specific primers covering various regions of the smad3a promoter. An E-box-less smad3a fragment was used as a negative control, and three fragments, respectively, containing the E-box1/2/3 in the smad3a gene promoter were used as experimental groups. As expected, fragments containing E-box 1 in the smad3a promoter region showed direct binding to Clock1a, whereas the E-box-less fragment and E-box 2/3-included fragments did not show significant binding activity (Fig. 5F ). Then quantitative ChIP was used to determine the DNA binding of Clock1a to E-box 1 and knockdown of clock1a in the zebrafish embryo reduced Clock1a binding to E-box 1, but overexpression of clock1a promoted Clock1a binding to E-box 1 (Fig. 5G ). E-box 2 was as a negative control. Accordingly, the expression of smad3a was presented in Fig. 5G . Taken together, these findings demonstrated that Clock1a is required to maintain a steady-state level of smad3a expression, E-box 1 in the smad3a promoter is essentially required for transcriptional regulation of smad3a expression, and Clock1a binds to the smad3a promoter via E-box 1.
Smad3a recovered the effect of clock1a deficiency
As Clock1a had been identified as a transcriptional factor to mediate transcription of the Smad3a to gain further molecular information on the nodal-induced mesoderm induction and primitive hematopoiesis in relation to Clock1a, we tested whether Smad3a antagonized the effect of clock1a-MO. As demonstrated before, knockdown of Clock1a caused decreased expression of the mesoderm markers ntl, gscl, and eve1 and the hematopoiesis marker scl (Fig. 3) . These effects were largely compromised by co-injection of smad3a-mRNA. At the same time co-injection of smad3a-mRNA and clock1a-mRNA produced a stronger effect in zebrafish embryos compared with Clock1a overexpression, causing a more obvious increase of ntl, gsc, eve1, and scl (Fig. 6 ).
Clock up-regulated Smad3 in mammalian 293T cells
Sato et al. (37) reported that Smad3 has a circadian rhythm in human gingival fibroblasts, human mesenchymal stem cells, and in mouse liver, and the circadian expression of Smad3 depends on Clock/Bmal1. We next investigated the positive role of hClock in Nodal-Smad3 signaling in mammalian 293T cells. Like zebrafish Clock1a, hClock was able to enhance the expression of the Smad3 in mammalian cells. In human 293T cells, immunofluorescence analysis revealed that Smad3 expression increased after the overexpression of hClock, whereas Smad3 expression decreased in Clock-knockdown cells (Fig. 7A) . We also detected the alteration of Smad3 caused by hClock expression by Western blotting. Under the basal or TGF-␤ stimulated expression, compared with control cells, Smad3 expression weakened in Clock-knockdown cells and increased in Clock-overexpressed cells (Fig. 7B) . These results were not only consistent with the molecular mechanisms of 
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Clock1a in the zebrafish embryos but were also extended to mammalian cells.
Discussion
We reported that the zebrafish Clock1a expressed both maternally and zygotically, which raised the possibility that Clock1a may regulate primitive hematopoiesis indirectly by controlling mesoderm development. Now, the presupposition was supported by two lines of evidence in our study. First, knockdown of clock1a showed a mesodermal defect with shortened body length, lack of the ventral tail fin, curved tail, and down-regulation of the corresponding markers. Second, knockdown of clock1a inhibited the expression of the hematopoietic precursor markers scl, lmo2, and fli1a at an early segmentation period. The most importantly, we examined Nodal signaling-related Smads and receptor proteins to illustrate how clock1a affected Nodal signaling. The results revealed that clock1a enhanced Nodal signaling through increasing the protein level of Smad2/3/4. Furthermore, we confirmed that the circadian clock directly modulates Smad3a expression levels via transcriptional regulation during embryonic development. First, we showed that the smad3a gene is maternally expressed, and its transcripts are ubiquitously distributed during early embryonic development (supplemental Fig. S1 ). The smad3a expression pattern matched the expression pattern of clock1a. Second, the smad3a expression exhibited a clear circadian rhythm, which was an essential component of the circadian Clock-induced gene expression program. Besides, NodalSmad3-responsive genes (lefty1; gsc, goosecoid; flh, floating head) also showed relaxed circadian expression in zebrafish embryos (supplemental Fig. S2 ). Third, we showed that knockdown and overexpression of Clock1a directly changed the smad3a promoter activity using a luciferase reporter system in zebrafish embryos. Finally, we provided molecular evidence that the smad3a promoter contains one Clock1a-binding E-box, and Clock1a binds to the smad3a promoter via its E-box 1 (Fig. 8) .
Notably, the abnormal phenotype and the effects on marker genes in this study were all mild, which may be caused by the following reasons. First, clock1a has two other homologous genes, clock1b and clock2, whose function was little known. Our results showed that knockdown of clock1a increased the expression of clock1b and clock2 in zebrafish embryos at shield stage, 6-somite stage, and 24 hpf (supplemental Fig. S3 ). This prompted us to think about clock1b and clock2 having the possibility of compensatory effects. Second, the interaction of Sqt, Cyc, and Leftys determines the extent of mesendoderm formation in zebrafish (17) . Nodal signaling induces the expression of lefty1 and lefty2, which block the Nodal-signaling pathway both locally to restrict the expression of sqt and at a distance to restrict the response to Sqt (38, 39) . Our results showed that clock1a enhanced the expression of cyc, and clock1a knockdown showed this antagonism against sqt. At the same time, clock1a also promoted lefty1 (Fig. 4A) , which may start a negative feedback mechanism. Third, previous reports show mouse knockouts for individual Smads yield different phenotypes (40) . Smad2 deletion results in lethality between E6.5 and E8.5 with failure of gastrulation or mesoderm formation (41) . Smad4 deletion results in embryonic lethality at E6.5 with failure to form mesoderm (42) . In contrast, Smad3-null mice are viable, although 70% of them develop hematopoietic disorders that ultimately lead to death between 3 and 8 months of age (43, 44) . However, zebrafish embryos injected with smad2/3 morpholino oligonucleotides develop without observable defects, but Smad2/3 activities are required for mesendoderm induction, and Nodal signals exert their biological effects during embryonic development depending on Smad2/3 activities (28). Considering these results together, we thought that the dose effects of Smad2/3 may play an important role. Besides, our study mainly focused on clock1a function, regulating mesoderm development, and hematopoiesis through Nodal-Smad3 signaling without excluding the possibilities that clock1a may play roles in other pathways.
Taken together, our data provided mechanistic insight on circadian clock-regulated mesoderm induction and primitive hematopoiesis by regulating Nodal-Smad3 signaling. Maintenance of the normal circadian clock would be essential to ensure proper development of the embryos and probably might offer a new perspective to novel molecular mechanism of Nodal signaling.
Materials and methods
Zebrafish embryos
WT embryos from the AB strain were used. Embryos were incubated a 14-h/10-h LD cycle in Holtfreter's solution at 28.5°C and staged according to Kimmel et al. (45) . All experiments were performed in accordance with ethical permissions granted by the National Zebrafish Resources of China and West China Hospital.
Constructs
The coding sequences of clock1a and bmal1a were cloned into the vector pcDNA3.0 (Invitrogen) for capped mRNA synthesis and transfection. The coding region of clock1a was also cloned into pEGFP-N1 for expression of Clock1a fusion protein to generate plasmid that was used for testing the effectiveness of clock1a-MO. Interesting, a fragment of clock1a was cloned into pcDNA3.0 for antisense RNA probe synthesis. Among the smad3a-luciferase construction, fragments of the promoter for the smad3a gene were generated by PCR from zebrafish genomic DNA, then cloned into the pGL3-Basic vector (Promega). Here the sequences of primers used are listed in supplemental Table S1 . 
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Synthesis of mRNA, probe, and morpholino
The mRNAs were synthesized in vitro using mMESSAGE mMACHINE Kit (Ambion). The probe labeled with digoxigenin-labeled UTP is synthesized by using DIG RNA labeling kit (SP6/T7) (Roche Applied Science). Morpholinos were synthesized by Gene Tools (Philomath). Clock1a translation blocker morpholino (clock1a-MO, 5Ј-CATCCCGGTCTATGCTGG-AGGTCAT-3Ј) was as previously used by Li et al. (46) . The control morpholino (clock1a-cMO, 5Ј-CCUCUUACCUCAG-UUACAAUUUAUA-3Ј) was used in this study.
Microinjection, whole-mount in situ hybridization, and immunofluorescence
About 4 nl of mRNAs or morpholinos solution was injected into the yolk of each embryo between 1-cell and 2-cell stage, We used the sequential injection when two or more factors were injected. The injection dose was the amount of an mRNA or morpholino received by a single embryo. Whole-mount in situ hybridization was carried out as previously described in Sun et al. (47) , The labeled embryos were immersed in glycerol for transparency and photography. Immunofluorescence in zebrafish embryos was performed according to published protocols (28) . Fluorescence images were acquired with an Olympus microscope. 
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The Dual-Luciferase Reporter Assay kit (Promega) was used for detection of luciferase activity. Briefly, 293T cells were seeded into 6-well plates and transfected with the smad3a promoter luciferase reporter constructs using the jetPRIME (Polyplus). Co-transfections were performed with the respective expression vectors for Clock1a and Bmal1a. Cells were harvested 48 h post-transfection, and luciferase assay was performed with the kit.
Quantitative real-time PCR
RNA purification was performed from whole embryos using a Total RNA purification kit (TIANGEN Biotech (Beijing) Co., Ltd.). RNA levels of zebrafish genes were detected by quantitative real-Time PCR, as described in the KAPA SYBR FAST qPCR kit (Kapabiosystems). Primer sequences are listed in the supplemental Table S2 .
Chromatin immunoprecipitation assay
ChIP assays using WT zebrafish embryos at the shield stage were conducted as described before in Lindeman et al. (48) . ChIP was carried out using anti-Clock1a antibody (Santa Cruz) that recognizes zebrafish Clock1a. ChIP experiments were repeated two times, and the figures shown are representative results. The sequences of primers used for ChIP assay are listed in supplemental Table S3 .
Cell culture and transfection
293T cells were grown in DMEM medium plus 10% fetal bovine serum. DNA transfection into 293T cells was performed using jetPRIME (Polyplus). The amounts of the total plasmid DNAs used for transfection were 2 g per well (6-well tray). The amounts of individual plasmid DNAs used as indicated under "Clock up-regulated Smad3 in mammalian 293T cells." 48 h after transfection the cells were harvested for measurement of luciferase assay and Western blotting analysis. The universal protein extraction buffers were purchased from Bioteke Corp. (Beijing, China).
Protein extraction of deyolking embryos
Embryos were collected in an Eppendorf tube and washed 3ϫ in sterilized deyolking buffer (55 mM NaCl, 1.8 mM KCl, 1.25 mM NaHCO 3 ). Embryos and yolks were disrupted in a glass homogenizer in deyolking buffer with mechanical stress; up to 100 embryos were transferred in a 200-l volume. The disrupted embryos were transferred to a 15-ml tube and shaken softly by hand several times (or Vortex for 10s) to separate the cells from the yolk proteins. Cells were pelleted at 300 ϫ g for at least 3 min with a horizontal rotor, and the supernatant was discarded. Care was taken not to disrupt the soft cell pellet. The samples were frozen in liquid nitrogen or processed directly for Western blotting analysis.
Western blotting analysis
Western blotting was performed as described in the product information. Antibodies against p-Smad2 (3101s) and Smad2/3 (5678s) from Cell Signaling Technology, p-Smad3 (1880-1) from Epitomics, TGF-␤ receptor I (ab31013) from Abcam, Clock1a (sc-6927), TGF-␤ receptor II (sc-17792), and Smad4 (sc-1909) from Santa Cruz Biotechnology were used in this study.
Statistical analysis
Statistical analysis were done using Student's two-tailed t test; *, p Ͻ 0.05 is considered to be statistically signifcant. Results were calculated from a duplicate assay that was conducted at least three independent times and is presented with the means Ϯ S.D. (error bars). 
